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® Controlled environment transportation of respiring comestibles. 

A method of tran sporting a quantity of a comestible which 
may be subject to de gradation a s a result of r espiration du nng 
transportation, comprising the steps of: 
— sea ling or substantially sealing said quantity of the 
respiring comestible within a container as hereinbefore 
described sufficiently to ensure that le ss oxygen of the 
ambient air can d iffuse int o the container man is ?^B9 
forfuU respiration by the respiring comestible, flushing the 
contairWvvHhan ox ygen low or oxygen free gas so as to 
pTOvTaTaTeduced o xygen leve l In the sealed or substan- 
tially sealed container, such flushing occurring before, 
during and/or after said sealing or substantial sealing, and 

(b) transporting the container with the respiring comes- 
tible therein while (i) monitoring the oxygen level within 
said container and auto maTtcaliTadjUsting t he oxygen lev el 
as necessary by a po sitive infusio n qt ambient air in to the 
containerin_ response to such monitoring towards an 
^pti^gT^r edetermined value or r ange of values^ndjii) 
Ir^itoring the carbojiJioj^lewH^ said container 
affo-a31 ustin^ th e carbo n dioxide le vel as n ecessary in 
response to such monitoring towards an optimum or 
predetermined value or range of values without reliance 
upo n flushing w ith an o xygen low or oxygen free gas said 
ad justment be ing firstly BTmearis of a scrubbing of th eair_ 



within said c ontainer b ut If necessary may additionally or 
Tn^h2ad~tncluae a positive infusion of ambient air into the 
container. 
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Description 

CONTROLLED ENVIRONMENT TRANSPORTATION OF RESPIRING COMESTIBLES 



It is therefore an object of the present invention to 
provide a method and related apparatus which will 
provide some safeguard in the event the carbon 
dioxide content of the container rises above a 
desirable level. 

Accordingly the present invention, in one aspect, 
consists in a method of transporting a quantity off 
comestible which may be subject to degradation as 
a result of respiration during transportation, com- 
prising the steps of: 

(a) s ealing or sub stantially sea ling said 
quan tity of t he re spiring comes tible within a 
co ntainer as hereinbefore described sufficiently 
to ensure that less oxygen of the ambient air 
can diffuse into the container than is required 
for full respiration by the respiring comestible, 
flushing the container with an oxygen low or 
oxygen free gas so as to provide a reduced 
oxyg en level in the sealed or substant ially 
seal ed contain er, such flushing oc curring 3 j>e- 
forer durin a and/or after said sealing or sub- 
stanti al sealing, an cf — — 

(b) transporting the container with the re- 
spiring comestible therein while (i) monitoring 
the oxyg en level w ithin said container and 
automatically adjusting the oxygen level as 
necessary by a positive I nfusion of a mbient air 
into the container in response to^such monitor- 
ing towards an optimum or predetermined value 
or range of values and (it) monitoring the carbon 
dioxide level within said container and adjusting 
the carbon dioxide level as necessary in 
response to such monitoring towards an opti- 
mum or predetermined value or range appropri- 
ate in other carriage spaces, eg. th e cargo ho ld 
of an aircraft, s hi p, train or the like and therefore 
for the purposes of the present specification 
the word •container" as used herein relates not 
only to shipp ing container s but to any means 
def ining a stor age space for su ch comestib les/ 

In a system such as disclosed in the aforemen- 
tioned patent specifications the quantity of carbon 
dioxide capable of being absorbed is finite where 
reliance is placed upon a finite amount of a carbon 
dioxid e absorbing medium such as, for example, a 
scrub bing unit in cluding h ydrated lime . Moreover 
there is also the prospect of carbon dioxide build up 
where for some reason or another a flow of the 
gaseous environment of the container can not be 
ducted through any such carbon dioxide scrubbing 
device. 

of values without reliance upon flushing with an 
oxygen low or oxygen free gas, said adjustment 
being firstly by means of a scrubbing of the air within 
said container but if necessary may additionally or 
instead include a positive infusion of ambient air Into 
the container. 

Preferably said container is refrigerated and there 
is automatic adjustment of the temperature. 

In a further aspect the present invention consists 
in apparatus for transporting a quantity of respiring 



comestibles which may be degraded by respiration, 
said apparatus comprising: 
5 transportable means defining a volume of a gaseous 
environment for said comestibles capable of being 
substantially sealed and in which the comestibles to 
be transported can be carried, 
means to seal or substantially seal said volume after 

10 loading with said comestibles such that less oxygen 
from the ambient air can diffuse into the environment 
than is required for the respiration, 
means to enable flushing of the env ironment with an 
o xygen microp rocessor *1 . which operates accord- 

15 ing to a p rogram s tored in r ead-only memory 2. The 
microprocessor reads and writes to and' from 
read/write memory 3 and a removable cassette in 
cassette unit 4. A gas pump 5 continuousl y draws air 
from the container through inlet 15 and consecu- 

20 ttvely through Oz detector 6 and CO2 detector 7. 
Outlet 16_m av r eturn th e samp led air to the contain er 
or its surroundi ngs. A temperature detector 8 
monitors approximately the temperature of the 
controller itself. Analog multiplexer 9 passes any of 

25 the three detector output signals to analog-to-digital 
converter 10 In response to commands by the 
microprocessor. The selected detector signal is 
then passed to the microprocessor on a common 
data/address bus 11. 

30 Micr oprocessor 1 c alculates act ual CO2 and O 2 
l evels by applying corrections to the detected levels 
as necessary depending on the detectors used. The 
CO2 and O2 levels according to the most recent 
sample are then shown on display 12, and may at 

35 suitable intervals be stored on the cassette, in 
addition to the detected temperature and the time 
according to real time clock 13. The mi croprocesso r 
com pares t he actu al CO 2 and O2 level s with 
predetermined set point s, these being preferre d 

40 l evels w hich v ary with partic ular comes tibles. Action" 
of the container valves is con trolled b y the the O2 
l evel a nd se tpoint are being compared, a positive^ 
error indicates that the level is above the setpoint 
and the external valve should be closed, while a. 

45 negative error indicates that the level is undesirably 
low and the external valves should be controller 
described in relation to Figures 8-10 of those 
specifications. Such figures and the description 
thereof is hereby herein Incorporated by way of 

50 reference. The controller is a microprocessor based 
unit which measures, controls, displays and logs the 
levels of carbon dioxide and oxygen in a container as 
hereinbefore defined, particularly a refrigerated 
marine shipping container. Control of the gas levels 

55 may be achieved via solenoid valves built into the 
container and connected to the controller. In the 
case of CO2, valves are provided to (i) allo w passag e 
of cont ainer alrj through a scrubber_unit in order to 
pr event t he COgJeyei of the container air rising 

60 above a predetermined level, and (li) allow an 
infusion of ambient air to the container should the 
CO2 level rise above a higher predetermined level, 
such as in the event of failure- of the scrubber action. 
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In the cass of 0 2 . the external valves of (ii) allow an 
infusion of ambient air to the container in order to 
prevent the O2 level of the container air from falling 
below a predetermined level. The controller is 
intended to be portable and of a size and shape to fit 
in the electrical power control box of such contai- 
ners. 

Referring to Figure 1 , the controller schematically 
comprises a opened or remain open. 

Principal features of a specific embodiment of the 
invention will now be described. In this embodiment 
the microprocessor 1 is an Intel 8085 8-bit proces- 
sor. The other components of the controller shown 
In Figure 1 interface with the data/address bus via an 
8255 programmable peripheral Interface, except that 
the external ports 15 include an 8251 programmable 
communications interface for connection of the 
controller to a further microprocessor if desired. The 
ROM 2 in which the microprocessor program is 
stored comprises two 32K 2732 EPROMS while the 
RAM 3 comprises a 2K 61 16 static RAM. The analog 
multiplexer 9 and analog-to-dlgital converter 10 
comprise 4051 and ADC0802 chips respectively. The 
setpoints for a particular container load are stored in 
the cassette after input from a portable computer via 
the 8251 interface as noted above, and the controller 
cannot exercise the routine of Figure 2 unless the 
cassette is in place. Deadband values (O2:±0.3%. 
C02: ±0.5%) are stored In the EPROMS and are 
not varied between loads. 

A "Teledyne"* type A5 microfuel cell detects 
oxygen in the container air up to 25% by volume and 
with 10% accuracy of reading. The cell output is 
temperature dependent for which compensation is 
achieved via a thermistor in the cell output circuit. 

* Teledyne Analytical Instruments 
Box 1580 

City of Industry 
CA 91749 USA 

A four filament *Gowmac** thermal conductivity 
cell is used to detect the presence of carbon dioxide 
In the container air up to 25<Vo by volume. Each 
filament of the detector comprises one arm of a That 
part of the microprocessor program which enacts 
the present invention will now be described with 
reference to the flow charts of Figures 2 and 3, 

* Gowmac USA 
Box 32 

NH 08805 USA 

In Figure 2. action may be taken in respect of the 
container CO2 and O2 levels, provided that the 
container is not undergoing defrosting. The micro- 
processor then proceeds to compare the CO2 level 
with the CO2 setpoint and then with the CO2 high 
limit value. If the CO2 high limit is exceeded, ambient 
air is drawn into the container to lower the container 
air CO2 level, otherwise the O2 level is compared 
with the O2 setpoint. CO2 high limit control thus 
overrides O2 level control. In making each compari- 
son and operating valves if necessary, program 
execution passes to the routine shown in Figure 3. 

Referring to Figure 3. the microprocessor calcu- 
lates an error equal to the deviation of the CO2 or O2 
level from the corresponding setpoint, and calcu- 
lates a control value equal to the error magnitude 



less the deadband amplitude. If the control value Is 
negative the error is within the deadband and the 
existing valve status is maintained. If the control 
value is positive, the error Is outside the deadband 

5 and action may be taken as follows. If the CO2 level 
and setpoint are being compared, a positive error 
indicates that the level is undesirably high and the 
scrubber valve should be opened or remain open, 
while a negative error indicates that the level is 

10 below the setpoint and the scrubber valve should be 
closed or remain closed. If resistance bridge, two 
filaments being used for gas measurement and two 
filaments for reference. Such a detector Is not 
intrinsically CO2 sensitive but also reflects the O2 

15 and NO2 levels of the container air. The micropro- 
cessor therefore compensates the conductivity ceil 
output according to the detected O2 level and an 
estimate of the N2 level. The CO2 detector is also 
temperature dependent for which further compen- 

20 sation is made by the microprocessor via the output 
of temperature detector 8. Overall, the CO2 level 
obtained with 1% accuracy. 

A "Wisa"* vibrator type pump draws container air 
through the detectors at 0.2-0.5 1 /minute. The air is 

25 filtered before passage through the CO2 detector. 
* Wisa Precision Pumps 
Bayonne 
NJ 07002 USA 

Each detector output is read by the microproces- 

30 sor approximately once every second and a running 4 
average for each level is calculated to overcome 
noise, the detector outputs being compensated as 
noted previously. The latest averages are displayed 
on the front panel of the controller and compared 

35 with the setpoints. The container CO2 and O2 levels 
and controller temperature are recorded on the 
cassette approximately every 8 hours when the 
container and controller are in use. There is 
provision to monitor and record the temperature 

40 within the container through a further communica- 
tions port in the container, not shown in Figure 1, if 
desired. 

Appendix I is a portion of an 8085 assembly 
language program listing in which lines 222-335 
45 correspond approximately to the flow chart of Figure 

2. 

Appendix li is a portion of an 8085 assembly 
language program listing in which lines 1134-1168 
carry out CO2 level compensation for the CO2 
50 detector temperature, lines 1 177-1200 carry out CO2 
level compensation In accord with the O2 level, and 
lines 1219-1272 correspond approximately to the 
flow chart of Figure 3. 

It is believed that apparatus and methods in 
55 accordance with the present invention define wide- 
spread application In the transportation industry. 



Claims 

1. A method of transporting a quantity of a 
comestible which may be subject to degrada- 
tion as a result of respiration during transport- 
ation, comprising the steps of: 

(a) sealing or substantially sealing said 
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quantity of the respiring comestible within 
a container as hereinbefore described 
sufficiently to ensure that less oxygen of 
the ambient air can diffuse into the con- 
tainer than is required for full respiration by 
the respiring comestible, flushing the con- 
tainer with an oxygen low or oxygen free 
gas so as to provide a reduced oxygen 
level in the sealed or substantially sealed 
container, such flushing occurring before, 
during and/or after said sealing or sub- 
stantial sealing, and 

(b) transporting the container with the 
respiring comestible therein while (i) moni- 
toring the oxygen level within said con- 
tainer and automatically adjusting the 
oxygen level as necessary by a positive 
infusion of ambient air into the container in 
response to such monitoring towards an 
optimum or predetermined value or range 
of values and (ii) monitoring the carbon 
dioxide level within said container and 
adjusting the carbon dioxide level as 
necessary in response to such monitoring 
towards an optimum or predetermined 
value or range of values without reliance 
upon flushing with an oxygen low or 
oxygen free gas, said adjustment being 
firstly by means of a scrubbing of the air 
within said container but if necessary may 
additionally or instead include a positive 
infusion of ambient air into the container. 

2. A method as claimed In claim 1 wherein 
said container is refrigerated and there is 
automatic adjustment of the temperature. 

3. Apparatus for transporting a quantity of 
respiring comestibles which may be degraded 
by respiration, said apparatus comprising : 
transportable means defining a volume of a 
gaseous environment for said comestibles 
capable of being substantially seated and in 
which the comestibles to be transported can be 
carried, 

means to seal or substantially seal said volume 
after loadinp with said comestibles such that 
less oxygen from the ambient air can diffuse 
into the environment than is required for the 
respiration, 

means to enable- flushing of the environment 
with an oxygen free or low gas to reduce the 
oxygen content thereof below that of ambient 
air, 

means to monitor the oxygen content of the 
environment, means to monitor the carbon 
dioxide content of the environment, 
means responsive to the means to monitor said 
oxygen content to cause a positive infusion of 
ambient air into the environment should the 
oxygen content be or fall below a predeter- 
mined value, 

means responsive to the means to monitor said 
carbon dioxide content to cause passage of 
gas within the environment through means to 
scrub at least some of the carbon dioxide 
therefrom should said carbon dioxide content 



rise above a first predetermined value, and 
means responsive to the means to monitor said 
carbon dioxide content to cause a positive 
infusion of ambient air into the environment 
5 should said carbon dioxide content not be 

maintained below a higher second predeter- 
mined value by said means to scrub at least 
some carbon dioxide from the environment. 

4. Apparatus as claimed in claim 2 or 3 
10 wherein said environment is within a container 

of the kind hereinbefore described. 

5. Apparatus as claimed in claim 2 wherein 
there is provided means to monitor the tem- 
perature of the environment and additionally 

15 means responsive to the means to monitor the 

temperature of the environment to adjust at 
least downwardly the temperature of the envi- 
ronment towards a predetermined value. 

6. A gas controller for a container of the kind 
20 hereinbefore described having means for ex- 
traction of CO2 from the container air and 
means for exchange of ambient air with con- 
tainer air, said controller comprising : 

a microprocessor, read-only memory and read- 
25 write memory connected to a common com- 

munication bus; 

a carbon dioxide detector for monitoring the 
level of carbon dioxide in the container air; 
an oxygen detector for monitoring the level of 
30 oxygen in the container air; 

means for connecting the output of said 
detectors to said bus; 

and an output port connected to said bus for 
output from said microprocessor of control 
35 signals which activate/deactivate said means 

for extraction and means for exchange; 
wherein said microprocessor executes a pro- 
gram stored in said read-only memory which 
program: 

40 (a) monitors said carbon dioxide and 

oxygen level; 

(b) activates/deactivates said means for 
extraction if said carbon dioxide level rises 
above/falls below a predetermined carbon 

45 dioxide level or range of levels ; 

(c) activates/deactivates said means for 
exchange rf said carbon dioxide level rises 
above/falls below a predetermined carbon 
dioxide high limit or range of limits; and 

50 (d) activates/deactivates said means for 

exchange if said oxygen level falls below/ 
rises above a predetermined oxygen level 
or range of levels. 

7. A gas controller according to claim 6 
55 wherein said activation/deactivation comprises 

opening/closing of solenoid valves 

8. A gas controller according to claim 6 or 
claim 7 wherein said predetermined levels are 
preferred levels for transport of respiring co- 

60 mestibles within said container. 

9. A gas controller according to any one of 
claims 6 to 8 wherein said predetermined 
carbon dioxide limit is a limit above which 
unacceptable damage occurs to comestibles 

65 being transported in said container. 
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claims 6 to 10 wherein said program records at 
predetermined intervals said carbon dioxide 
and oxygen levels in a removable memory 
element connected to said microprocessor via 
5 said bus. 
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10. A gas controller according to any of one of 
claims 6 to 9 wherein said means for connecting 
the output of said detectors to said bus 
comprises an analog multiplexer in series with 
an analog-to-digital converter. 

11. A gas controller according to any one of 
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APPENDIX 1 



SIB- 1 1 6030/3035 MACRO ASSEMBLER, V4.1 TFCVF 
WMSFRESH 300 SERIES CONTROLLER 



i nr 


pi *: 




L. i n _ 


SOURCE 


STATEMENT 




OOwO 






JL. 1 . 


CALL 


LOG 




0OC3 


, c .r 






X£A 


A 




0OC4 


32-&400 


D 


2 1 6 


ST A 


LQGF 


: ANT' RESET LOG FLAG 








217 














2 i*3 


; COMPENSATE 


AND SCALE INPUTS 


00C7 


CD.- 006 


C 


219 


HA INI; CALL 


TFCNP 










220 














221 


: CONTROL OUTPUTS 




OOCA 


5 A 0*30 




222 


LDA 


PORTA 




00 CD 


47 




• 223 


MOV 






COCE 


E62«.J 




224 


AN I 


DFRST 


; DEFROST INS? 


00 DO 


CAAS01 • 


c 


225 


JZ 


DPPTR 


; YES, EXIT 








* 226 








00 D3 


7Q 




227 


MOV * 


A,B 




0004 


E6S0 




22a 


AMI 


CART 


; CARTRIDGE INSERTED 


00D6 


C2AG0 1 


c 


229 


JMZ 


DPPTR 


;NQ, EXIT 






















23 1 


j DO CONTROL 


ACTION ON C02 


00D9 


1 1 0A40 




232 


LXI 


D.ESPC02 : GET C02 SET POINT 




rr.i c ri a 






CALL 


SFCV 


; CONVERT 
















VvL'r 


V 1 -1 *J 


If 


nTtr 


lx: 


B, TCC2 


;CQ2 VALUE 






r, 




LXI 


D,7MP 


: SET POINT 






f- 




LXI 


H.C8C02 


; DEAD BAND 


OOEA 






o 

a. J 


hvi 


A,0 


j NEGATIVE CONTROL ACTION 


CDDB07 


Q 


239 


CALL 


CTLA 








240 








OOSD 


DA0201 


c 


241 


JC 


C0N3 




OOFO 


79 




242 


MOV 


A,C 




OOF I 


B7 




243 


OKA 


A 




00F2 


3 AO 5 30 




244 


LDA 


PORTS 




OOFS 


CAFDOO 


c 


245 


JZ 


C0N1 




OOFS 


E6F? 




246 


AN I 


NOT RYC02 


OOFA 


C3FF00 


c 


247 


JMP 


C0N2 




OOFD 


F604 




248 


C0N1: 031 


RYC02 




CCFF 


320530 




249 


C0rt2i ST A 


FCRTB 










250 








0102 


213300 


D 


251 


COM3: LXI 


H f TMP 


; CLEAR TE^P 


0:05 


0604 




252 


KVI 


B.-4 




0107 


CDOOOO 


E 


253 


CALL 


CLRN 










234 














255 


5 CHECK C02 LIMIT 




01 OA 


11 OA 40- 




256 


LXI 


D.E5FCC2 : GET CQ2 SET POINT 


OlOD 


CD 1 208 


c 


257 


CALL 


SPCV 


: CONVERT 








-253 












259 


; SET POINT < 3X 




0110 


013300 


D 


260 


LXI 


£,T(1P 


:SET POINT 


01 IS 


1 1 4F00 


C 


2t 1 


LXI 


D,FC3 




01 14 


2 1 3700 


D 


262 


LXI 


H JliP*4 


01 19 


CDOOOO 


E 


263 


CALL 


SUB 32 




one 


3A3A00 


D 


264 


LDA 


TMP+7 


: GET SIGN BIT 


01 IF 


OF 




265 


RftC 




:-VE 


0120 


DAT.501 


C ' 


266 


JC 


CON* 


: YES, SET. TO 57. 








267 














263 


} > ZY. 


SET POINT 


« SET PGlriT ■+ ZV. 
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-IS- L I £030/3055 MACRO ASSEMBLE?:. V4.1 
*.ANSFRS-H TOO SERIES CONTROLLER 



TFCVF 



LOC OBJ 



0123 
0126 
01 2*? 
012C 
0 1 2F 
0132 



013-00 
115300 

CDOOOO 
113400 
C 33301 



0135 115300 

0133 0123OO 
013E: 214*00 
013E 3E00 
0140 CDDB07 



0143 DA5301 

0144 79 
0147 B7 
0143 3A0530 
014B CA5301 
01 4E E6FD 
0x50 C33501 
01.53 F602 

'•01S5 320530 

01 S3 3A0530 
0155 E602 
015D CA6B01 
0160 3A0530 
0143 F601 
0165 320530 
0163 C3AG01 



D 
C 
0 
E 
D 
C 



D 
C 



016* 213300 
016E 0603 
0170 CDOOOO 



0173 I10E40 
0176 CD 1 EOS 



017? 210500 
017C 3A690C 
017F E-7 
01 SO CA360I 

0133 21OF00 

01 S* 44 
0137 4D 
01 55 113300 
01 SB 214700 
01SE 3 E F.- 



LI NE 

26? 

270 

271 

272 

273 

274 

275 

276 

277 

273 

27? 

230 

291 

282 

233 

254 



SOURCE STATEMENT 



3300 D 



D 



D 
C 



COM4: 



CONS: 



236 
257 



COMA: 
COKB: 



CONC: 



28? 
290 
291 
292 
293 

294 • 

295 C0N6: 
296 

297 
293 
299 
300 
301 
302 
303 
304 
305 
306 
307 
303 
30? 

310 

311 

312 
•313 

314 

315 

316 

317 

313 

319 CCM7; 

320 

321 

322 

323 



LXI 

LXI 

LXI 

CALL 

LXI 

JMP 

< 37. 
LXI 

LXI 
LXI 
MVI • 
CALL 



D,TMP J SET POINT = 

D,PC5 :SET POINT + 

H.TMF + S ;57. 
ADD32 

D,TNPi-3 ;-> EETrOINT 
CONS 



57. 



SET POINT » 
D,PC5 ; 



-> 57. 



B,TCG2 
H.PC1 
A,C 
CTLA 



CQ2 C Qhr EMS A T ED 
:-> DEADDAND 
) CONTROL -i-VE 



DO CONTROL ACTION 



JC 

MOV 
ORA 
LDA 
31 
AN I 
JNP 
OR I 
STA 

LDA 

AN I 

JZ 

LDA 

OR I 

STA 

JMP 

LXI 
MVI 
CALL' 



C0N6 

A,C 

A 

PGRT3 
COMA 



5 ACTION REQUIRED, NO -> 
;0N OR OFF 



j GET PORT 
• t OFF -> 
NOT RYTB ; LIMIT OFF 
C0N3 

RYTB : LIMIT ON 
PORTS 



PORTB 

RYTB 

CONC 

PORTB 

RY02 

PORTB 

DPPTR 

H, TMP 

CLRh 



y CHECK LIMIT 

jLIMIT SET? 

j NO, CONT 

; GET PORT ASA IN 

;YES, SET RY02 

NEXT FUNCTION 

; CLEAR TEMP 



:D0 CONTROL ACTION ON OXYGEN 

LXI D,ESPG2 ; OXYGEN SET POINT 

CALL SPCV ; CONVERT 

; POINT TO AF PROP I ATE 02 CELL FOR CONTROL 



LXI 


H, AC 2 A 


LDA 


02CF 


ORA 


A 


JZ 


COM? 


LXI 


H, £023 


MOV 


B,H 


MOV 


C ? L 


LXI 


D,TiiP 


LXI 


H.DB02 


MVI 


A.OFFH 



1-3 



> G2A 
; FLAG SET! 

CONT 



;NQ, 

; YES POINT TO REF 



;H P L -> 02 VALUE 
•TRANSFER TO B..C 
02 SET-POINT 
;-> 02 DEAD BAND 



TO USE 
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5 1 H - 1 1 SOSO/EOSS MACRO ASSEMBLER, V4. 1 T'CVF 
rAMcr R£'5i-i 300 SERIES CONTROLLER 



LQC 


OBJ 




LINE 




SOURCE 


STATEMENT 






CDD50 7 


C 


324 




CALL 


CTi_A 










325 










0193 


DAA30I 


c 


326 




JC 


• DPP7R 




0196 


79 




327 




MOV 


A,C 




0197 


B7 




32Q 




ORA 


A 






3A0530 




329 




LDA 


PORTB 




0195 


CAA301 


c 


330 




JZ 


C0N3 




ri 1 9-r 


E6FE ■ 




331 




AN I 


NOT RYC-2 


0 1 AO 


C3A501 


Q 


332 




JifP 


CON? 




0 1 A3 


F601 




333 


COM3 : 


OR I 


RYG2 




01 A5 


320530 




334 


CON? : 


STA 


PORTB 










•335 
















336 


t SET 


DISPLAY 


POINTERS TO CQ2 AND 02 


01 A3 


1 1 2300 


0 


337 


DPPTRx 


LXI 


D, TCG2 


J -> CD2 AvtRMlrc 


Ol AS 


210B00 




•»*•«> w 




lx: 


H, A02A 


;-> C2A AVERAGE 




CMS I VV 


n 


OO / • 




LDA 


D2CF 


;02 CONTROL FLA-3 


0 1 B I 


B7 




340 




QRA 


A 


5 SET? 


01B2 


CAE<S01 




34 1 




JZ 


KPR 


; YES, LEAVE 0A2 


01 E*5 


2 1 Or 00 


ft 






LXI 


H, A02B 


$ NO, CHANGE TO 023 








343 














344 


• ANY 


KEYS PRESSED 




<*l 1 T-Q 
1 L- J 




u 


O^J 


W n. • 


. LDA 


KEYF 




1 ~t*5 
U 1 &s 










CRA 


A 








\* 


*>*F ( 




J2 


MAIN3 


j NO, CONT 








348 
















347 


^ NGW 


SEE ViH I CH KEY 




01BF 


3 AO 630 




3S0 




LDA 


PORTC 


;6ET KEY 


01C2 


E60F 




351 




AN I 


OFH 


; STRIP UPPER 


01C4 


£10500 


D 


352 




LXI 


H„ A02A 


02A 


01C7 


1 10FO0 


D 


353 




LXI 


D, A02B 


02B 


01CA 


FEOB 




354 




CP I 


' SWP1 


;02A «t 02B REQUIRED? 


01CC 


CA0902 


C 


355 




JZ 


KPR1 


; YES, JUMP OUT 


01 CP 


21 1300 


D 


356 




LX! 


H, ATI 


;N0, -> TEMP 1 


01 D2 


111700 


D 


357 




LXI 


D, AT2 


;-> TEhP 2 


01D5 


FE07 




333 




CP I 


SWP3 




01D7 


CA0902 


C 


359 




JZ 


kpri 




01 DA 


212700 


D 


360 




lx: • 


K,TT4 


; TEMPS 3 it 4 


OIDD 


1 11 BOO 


D 


361 




LXI 


D , AT3 




01EO 


FEOB 




362 




CP I 


5WP4 




01E2 


CA0902 


C 


363 




JZ 


KPRI 




01E5 


P7 




364 




ORA 


A 


: tCEY RELEASED? 


o:z6 


CA0S02 


c 


365 




JZ 


KPP.i 


;YE5. EXIT 


01E9 


213300- 


D 


366 




lx: 


H, TMP 


f CLEAR TEN? 


01 EC 


0403 




367 




MVI 




01 EE 


CDCOOO 


•e 


-36S 




CALL 


CLR. M . 




o;f; 


1 10E40 




369 




LXI 


D.ESPC2 


;02 SET POINT 


01F4 


CD 1 EOS 


c 


370 




CALL 


cl'CV 


: CONVERT 


01F7 


3A3400 


D 


371 




LDA 


t:-ip*i 


; GET VALUE 


01 FA 


323300 


D 


372 




STA 


Tr!P+5 


01FD 


1 10A40 




373 




LXI 


C", E3^C02 :02 SET POINT 


0200 


CD1E09 


C 


374 




CALL 


SPCV 




0203 


213700 


D 


.375 




LXI 


H,TttP+4 




020a 


1 13300 


D 


376 




LXI 


D f TMP 










377 
















379 


j KEY 


PRESSED 
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1 0 



tc;_xi 80S0/S0SS MACRO ASSEMBLER, 
ANSFRE3H 300 SERIES C GMT ROLLER 



APPENDIX 2 
V4,l TFCVF 



wOC C?J 

06FF 35 
0700 C2B106 

0703 3EFF 
0705 326A00 



0703 OiirOO 
070Z? 11*307 
07OE 212700 
0711 CDOOOO 



D 
C 
D 

e 



LINE 

1120 
1121 
1122 
1123 
1 124 
1125 
1126 
1127 
1123 
1129 
1 130 
1131 
1132 
1133 



SOURCE STATEMENT 



DCR 
JNZ 

MVI 
STA 



AVRS 

A,OFFH 
FiRSTr 



;SET FIRST TIME FLAG 



; NOW COMPENSATE THE AVERAGE 
: EXPAND TEMPERATURE SCALE 



VALUES 



-C2; 



LXI 
LXI 
LXI 
CAL.L 



B, AT* 
D * THR 
H,T74 
MUL.32 



; AVERAGE 

; x 3 

3 TRUE 



TEMP 



TEMPERATURE 



; COMPENSATE CO 2 FOR 



0714 


012700 


U 


1 4 — A 
1 10*T 


0717 


11C&07 


U 


1 1 

1 1 Ow' 


071A 


213D00 






0710 


COOOOO 




1 137 








1 133 


0720 


013D00 


D 


1 139 


0723 


11CF07 


C 


1140 


0726 


213300 


D 


1141 


0729 


CDOOOO 


E 


1 142 








1143 


N <*72C 010700 


D 


1144 


072F 


1 1D307 


C 


1145 . 


0732 


212300 


D 


1146 


0735 


CDOOOO 


E 


1147 








1 14S 


0738 


012300 


D 


1149 


073* 


113300 


D 


1 1 50 


07 3E 


2 1 2300 


D 


1151 


0741 


CDOOOO 


E 


1 152 








1 1 S3 


074 4 


013300 


D 


1154 


0747 


1 lt= 707 


C 


1 1 55 


074A 


213DO0 


D 


1156 


074t> 


CDOOOO 


E 


1157 








1155 


0730 


01D307 


C 


115? 


0753 


1 13DO0 


D 


1160 


0756 


213DO0 


D 


1161 


075? 


CDOOOO • 


E 


1162 








1163 


073C 


012"00 


£ 


*164 


075F 


1 1 3D00 


D 


1165 


0762 


212300 


D 


1166 


0765 


CDOOOO 


E 


1167 








116* 








1169 


0763 


010500 


D 


1 170 


076S 


3A6900 


D 


1171 


076E 


B7 




1172 


076F 


CA7307 


C 


1173 


0772 


010F00 


D 


1174 



LXI 


B,TT4 


LXI 


D,K4 


LXI 


H,TMP1 


CALL 


SUB32 


LXI 


B, TMR1 


LXI 


D,K5 


LXI 


H,TMP 


CALL 


MUL32 


LXI 


B,ACQ2 


LXI 


D,K6 


LXI 


K.TCC2 


CALL 


- KUL32 


LXI 


B,TC02 


LXI 


D,TMP 


LXI 


H,TC02 


CALL 


SUB 32 


LXI 


b , TM? i 


lx: 


D ? K7 


LXI • 


H.TMP1 


CALL 


DIV32 


L.XI 


B,K6 


LXI 


D f TttPi 


LXI 


h,TMPl 


CALL 


SUB32 


LXI 


t,T2C2 


LM 


tsTMRl 


lx: 


H, TCQI 


CALL 


DIV32 



TEMPERATURE 
; DELTA T 



; DELTA T X 200 



;C02A X 1000 



X <C02A X 
<<TT4 



1000) 

- 64000) 



X 200> 



: (TT4 - 64000>/ 569 



: 1000 

; 



- (DELTA T - 64000) 



569 



- 0.2 (DELTA T) 



0.0043 (DELTA T) 



; COMPENSATE 
LXI 
LDA 
OR A , 
J2 
LXI 



CG2 



FOR 02 

02Ct- 
A 

AV51 
B, A02P 



CONCENTRATION 
;-> 02A 

; GET APPROPIATE 
$02 READING 
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1 1 

£13-11 50:30/3065 MACK' ASSEMBLE?., V4. 1 TFCVF 
*AMSFftESH 300 SERIES CONTROLLER 



LOC 


05 J 




LINE 




SOURCE 


STATEMENT 










1175 
















1176 


jCOfifENSATE C22 DATA 




0775 


115307 


c 


1177 


AV51 : 


LXI 


D, 7£N 


jC2 / 10 


0773 


213D00 


D 


117l3 




LXI 


hi, 7HF1 




077 S 


CD 00-00 


E 


1179 




CALL 


DIV32 










1150 










077E 


012300 




1131 




w • t 


B, 7202 


; CG2 + 02/10 


0751 


1 1 3D00 


D 


1162 




LXI 


THF'i 




07S4 


213DO0 


D 


1 133 




LX 1 


H f T!*lr'l 




0787 


CDWOO • 


E 


1154 




CAL'- 


ADD 32 










1133 










07SA 


0I3D00 




1186 




LXI 


B, TMF'l 


;(C02 + 02/10) - 2 (UNITS) 


0730 


UAF07 


c 


1 1S7 




LXI 


D , TWQU 




0790 


213D00 




1133 




LXI 


H, TMF'l 




0793 


CDOOOO 


E . 


11G9 




CALL 


SU232 










1 190 










0796 


013D00 


D 


1191 




LXI 


B f TMP 1 


; (C02 - 2 + 02/10) 


079? 


113707 


c 


1192 




LXI 


D, NINE 




079C 


213D00 




1 193 




LXI 




; 9 


07 9F 


CDOOOO 


E 


1 194 




CALL 


DIV32 










1 195 










07A2 


013D00 


D 


1 196 




LXI 


e f TNPi 


; (C02 - 2 + 02/101 X 10/9 


07A5 


1 1&B07 


C 


1197 




LXI 


TEN 




07A3 


212300 


D 


1195 




LXI 


H,TC02 




*0.7 A3 CDOOOO 


E 


1199 




CALL 


HUL32 










1200 


• 








07AE 


C9 




1201 




RET 












1202 










07AF 


7C14 




1203 


TVIOU: 


DVJ 


5244,0 


jTWO (UNITS) 


07B1 


0000 














07 BZ 


0300 




1204 


THft: 


DW 


3, 0 


? THREE 


07B5 


oooo 












07B7 


0900 




1205 


NINE; 


DW 


9,0 


; NINE 


07B5 


0000 














07B3 


OAOO 




1206 


TSn; 


DW 


10,0 


5 "TEN 


07 BD 


0000. 














07BF 


ED17 




1207 


Kl: 


DW ' 


6123,0 


; CONSTANT 1 


07C1 


0000 














07C3 


3?rS 




1203 


K2: 


DW 


22535,0 


5 CONSTANT 2 


07C5 


0000 














07C7 


1000 




120? 


i<3: 


DW 


16,0 


; CONSTANT 3 


07C9 


0000 














• 07CB 


OOFA * 




1210 


K4: 


DW 


64000,0 


; CONSTANT 4 


07CD 


0000 














07CF 


1400 




1211 


KS: 


cu; 


20,0 


3 CONSTANT 5 


C7D1 


0000 














07D3 


ES03 




1212 


K6: 


DW 


1000,0 


5 CONSTANT 6 


07 D5 


0000 














07D7 


3902 




1213 


K7: 


DW 


5.^,0 


; CONSTANT 7 


07 D? 


0000 




















1214 
















1215 










1216 
















1217 


, CLTA: 




CONTROL. 


ACTION SUSF:0U7INE 



12 IS 
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srs-i! 3030/3035 MACRO ASSEMBLER, 
tANSFRSSH 300 SERIES CONTROLLER 



V4. i 



LGC CBJ 



07DB FS 
07DC ES 



07DD 213300 
07E0 CDOOOO 

07E3 AF 
07E4 326300 

07 E7 215600 
07£A 7fc 
07EB 07 
07 EC D2FA07 
•-07EF 3£rF 
07F1 3262-00 
07F4 213300 
07F7 CDOOOO 

07FA 013300 
07FD Dl 
07FE 213300 
0301 CDOOOO 

0504 3A3600 

oeo7 o? 

0303 CI 
0S09 D3 
05 OA 70 
030* B7 

oaoc cAiioa 
080 r zzrr- 

.0811 4? 

03 12 SA6S0C 
0315 87 
OS 14 CAIC03 
031? 7? 
031 A £F 
03 IB 4F 

03 1C AF 
OS ID C9 



LIME 

121? ; ENTER: 

1220 : 

1221 5 

1222 ; 
1223 

1224 ;EXITi 

1225 ? 
1226 



SCARCE STATEMENT 

£C -> INPUT VARIABLE 

DE ~> SET-POINT VALUE 

ML -> DEAD BAND VALUE 

A = CONTROL ACTION, 00=*-VE, FF—VE 

CARRY, NO ACTION ERROR<DEDBAND 
C * ACTION 00 (OFF) , FF(ON). 





1227 












122S 












1229 CTLA: 


PUSH 


PSW 


;SAVE ACTION 






1230 


PUSH 


H • 


jSAVE DEAD BAND POINTER 






1231 












1232 


; ENTERS 


WITH BC, 


DE SET 




D 


1233 


LXI 


H,TNP 


; ERROR 




E . 


1254 


CALL 


SUB 32 








1235 












1236 


XRA 


A 


j RESET 




D 


1237 


STA 


MESF 


; NEGATIVE FLAG 






1238 










D 


123? 


LXI 


H,TMP+3 








1240 


MOV 


A,M 


; ERROR -VE? 






1241 


PLC 








C 


1242 


JMC 


Oh- 1 A 


;N0 ? -> 






1243 


mv: 


A , OFFH 


;YES ? 




D 


1244 / 


STA 


NEGF 


; NEGATIVE FLAS 




D 


1245 


LXI 


H,TMP 






E 


1246 


CALL 


COMPHL 


; MAKE POSITIVE 






1247 










D 


124S 


LXI 


B,TMP 


; ERROR 






1249 


POP 


V 


; DEADBAND 




D 


1250 


LXI 


H.TMP ■ 






E 


1251 


CALL 


SU532 






0 


1252 
1253 


LDA 


TMP+3 


jEnRGR < DSA&BAND? 






1254 


PLC 










1255 


POP • 


6 


; GET ACTION 






1256 


PC 




j ERROR < DEADBAND, RETURN 




1257 


MOV 


A,B 








1253 


CRA 


A 


; ACTION + OR - , 


OOH 


C 


125? 


JZ 


16 + 5 


j ACTION *,P.ETUr.N WITH 




1260 


MVI 


A , OFFH 


: ACTION - . RETURN WITH 


OFFH 




1261 


MOV 


C, A 


J PUT ACTION IN C 






1262 












±263 


LDA 


NEGF 


5 WAS ERROR -VE? 






1264 


QRA 


A 






c 


1265 


J2 




;WG, -> 






1266 


i-.CV 


A,C 


?VES, COMPLEMENT 






1267 


CrtA 










1263 


NOV 










126? 






5 CLEAR ACTION FLAG 






1270 


XRA 


A 






1271 


PET 




• 






1272 
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,11 



> 



clock 



-13 



10- 



8 



ROM 



RAM 



< 



ADC 



analog 
mux 



T 

detector 



02 
detector 



15- 1 



CO? 
detector 



^7 



gas in 



-7 



> 



"7^ 



> 



display 



cassette 
unit 



A2 



~7 



> 



valve 
control 
port 



-14 



> 



external 
ports 



^-15 



r 



pump 



Vo 1 

gas out 



■16 



FIG.1 
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get CO2 level 
get CO2 setpoint 



compare 



y 



high limit 
= 5% + setpoint 




high limit 
= 5% 




FIG.2 
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r 


error= 
leve(-setpoint 




r 


control= 
|error|-deadband 




C02 : close scrubber valve 
02 : open external valves 



y 

-fr- 



CC^: open scrubber valve 
O^close external valves 



FIG. 3 
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